Raft endocytosis of AMF regulates mitochondrial dynamics through Rac1 signaling and the Gp78 ubiquitin ligase.
Gp78 is a cell surface receptor that also functions as an E3 ubiquitin ligase in the endoplasmic reticulum (ER)-associated degradation (ERAD) pathway. The Gp78 ligand, the glycolytic enzyme phosphoglucose isomerase (PGI; also called autocrine motility factor, AMF), functions as a cytokine upon secretion by tumor cells. AMF is internalized through a PI3K- and dynamin-dependent raft endocytic pathway to the smooth ER; however, the relationship between AMF and Gp78 ubiquitin ligase activity remains unclear. AMF uptake to the smooth ER is inhibited by the dynamin inhibitor, dynasore, is reduced in Gp78 knockdown cells and induces the dynamin-dependent downregulation of its cell surface receptor. AMF uptake is Rac1-dependent and is inhibited by expression of dominant-negative Rac1 and the Rac1 inhibitor NSC23766, and is therefore distinct from Cdc42- and RhoA-dependent raft endocytic pathways. AMF stimulates Rac1 activation, but this is reduced by dynasore treatment and is absent in Gp78-knockdown cells; therefore, AMF activities require Gp78-mediated endocytosis. AMF also prevents Gp78-induced degradation of the mitochondrial fusion proteins, mitofusin 1 and 2 in a dynamin-, Rac1- and phosphoinositide 3-kinase (PI3K)-dependent manner. Gp78 induces mitochondrial clustering and fission in a manner dependent on GP78 ubiquitin ligase activity, and this is also reversed by uptake of AMF. The raft-dependent endocytosis of AMF, therefore, promotes Rac1-PI3K signaling that feeds back to promote AMF endocytosis and also inhibits the ability of Gp78 to target the mitofusins for degradation, thereby preventing Gp78-dependent mitochondrial fission. Through regulation of an ER-localized ubiquitin ligase, the raft-dependent endocytosis of AMF represents an extracellular regulator of mitochondrial fusion and dynamics.